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The Peripheral Interaction of Cortisone am Thyroxine as 
Reflected by Nitrogen Balance in the Stressed, Thyro# 


parathyroidectomized, Adrenalectomized Rat 


That the production of the hormone of both the thyroid 

gland and the adrenal cortex is modulated by a trophic hormone 
of the anterior pituitary gland is not doubted. It is the 
interaction of the end product of these glands with one another 
peripherally and on the secreting glands themselves that remains 
somewhat enigmatice 

The thyroid hormom, prebably thyroxine (1), in the 
absence of the ortical harmones increases the basal metabolic 
rate (2) and increases protein catabolisme (3) (6) Administration 
of the thyroid hormore to a normal animal causes the adrenal 
glands to enlarge in both size ami welght» This hypertrophy is 
interpreted to mean an increase in cortical functione (865) 
Exposure to cold increases the utilization of the thyroid hormone 
am also its secretione Ina similar fashion, increased tenperature 
lessens the denand for thyroid hormones (7#10) 

The steriods of the adrenal cortex influence the inter- 
mediary metabolism of many compoumds; selt and water by the kidney 
(11) (16620), carbohydrate (11)(15)(48), protein (11#14)(17=19), 


and fat (11)(21<22). 
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Cortical steroid insufficiency is associated with hypogly= 
caniae "Carbohydrate utilization thus appears to be proceeding 
at a rate which is excessive in terms of the availability of 
carbohydrates from preformed stores and by gluconeogenesis. The 
major defect in gluconeogenesis appears to be related to the 
difficulty in mobilizing endogenous protein for catabolism"»(11) 
Experimental data would indicate that the defect in protein 
catabolism is at the level of the whole protein, involves not only 
a decreased protein catabolism but also an increased protein 
anabolism, and is extra hepatic. (1114) 

When present in excess, the cortical steriods produce a nege 
ative nitrogen balance and may be associated with glycosuria. (15= 
19) The negative nitrogm balance of cortical hormone excess can 
be diminished or completely reversed by the administration of 
glucoses (12)(14)(41)(44) It has been reported that the cortical 
hormone liberates nitrogen primarily from the lymphoid tissue. 
(42) That coréical hormons releases carcass nitrogen as well as 
that of the lymphoid tissue has been reported. (14) That the core 
tical hormone acts on such specific protein sources rather than in 
@ nonespecific manner on all protein has been questioned. (17) 

Studies with Ijg) have shown that the thyroid uptake of radioe 
iodine is depressed following treatment with adrenal cortical ex» 
tract or adrenocorticotrophic homone. (23#30) Other investigators 
have not found a decreased uptake of radioiodine after cortisone 
therapye (31-34) Histologic studies have shown that cortisone does 
not inhibit the formation of thyroid stimulating hormone, does not 


inhibit the response of the thyroid gland to TSHe 
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(33) (35) (45-46) Release of thyroid hormone is not blocked by core 
tisones (36~38) (23)(47) an increased rensl excretion of radioiodine 
following cortisone has been observed, and this may explain the ape 
parent decrease of iodine uptake by the thyroid glamle (3637) (42) 

The response to stress at first appeared to be the result of 
the action of excess cortical steroids. Negative nitrogen balance 
was early observed to be one feature of the response to stress» 
(39041) It was postulated that the degree of nitrogen excretion 
was an indication of the level af cortical hormones (3) However, 
it has been shown that a minimum emount of cortical hormone is 
necessary for the response to stress, but that the response is not 
specifically caused by the increased secretion of cortical hormonee 
(39) at present, it seens likely that the magnitude of the stress 
determines the protein catabolic response rather than the amount of 
adrenal homone, provided the minimal amount is present. Other 
factors modify the protein catabolic response to stress. “%=---there 
are at least three interdependent variables modifying nitrogen 
metabolism during stress, nemely, tle stress itself, the adrenal 
cortex and tle nutritive state of the organism at the time of 
stress, and each of these must be considered in interpreting exper 
iments on stress and/or adrenal hormone action". (44) 

The thyroid gland responds to stress with an increase in activity. 
(4951) It has been found that the protein catabolic reponse is greater 
when both the thyroid hormone and the adrenal cortical hormone are 
present than when either is present by itself. (17) Several observers 
believe the mechanisms of action of the thyroid hormone and of the 


adrenal homone are independent of one ancthere (14) (43) 
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Another observer believes that the evidence points towards the 
thyroid hormone potentiating the protein catabolic effect of 
the adrenal steroids. (17) It has been suggested that many of 
the changes following stress are due to an increase in thyroid 
activity and that the adrenal cortex is responsible for the 
veeakatad alms of homeostasise (50) 

The present experim nts were undertaken to further study 


the peripheral interaction of the thyroid and adrenal hormones 


Materials and Methods 


Animals; 

The animals used inthis exe@iment were male, albino 
rats obtained from a local dealers 
Food 3 

The rats were fed Purina Rat Chow ad libidum prior to 
thyroidectomy. After thyroidectomy and for the remimler of 
the experimamt the rats were fed Purina Rat Chow to which was 
added 1% sodium chloride by weight am calcium lactate Oolgn/15 
foode 

The chow was di spensed in ointment tins which had a small 
hole in the top large enough to admit the animal's head. The tins 


were filled only partially. The tins were in the animalts cages 
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from about 4:00 P.Mo until 9:50 AM. The tins were weighed before 
and after feedingo 

Water was supplied ad libidum. 

Cages: 

The rats were housed in individual metabolic cages, These 
cages were washed daily. 
Collection of Urine: 

Twenty four hour urine samples were collected at approximately 
10300 AeMe each mornings Toluene was added to the collection bottle 
as a preservative during the collection periode The samples were 
frozen soon after collection and remained frozen until processed. 

Subsequent experimentation using measure volumes of water 
showed a recovery of o1%4_ 1.19 from the cages. This was attributed 
to wetting of the galvanized cage bottoms. 

Nitrogen Detemination: 

Urine from éach animal in a group was meamired, then pooled, 
and an aliquot used far nitrogen determim ti ono 

The Nesslerization process used is described in "Manual of 
Standardized Procedures For Spectrophotometric Chemistry"o (53) a 
Klett=-Summerson coloremeter was used for ths colar readings. The 
standerd curve was constructed from readings of ammonium sulphate 
and urea samples processed by this methodo 
Operations; 

Ether was used as the anesthetic agmt. Clean but not sterile 
technic was used throughout. Silk sutures were used to close the 
strap muscles of the neck, to appose the flank muscles, ami to close 
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Autopsy was performed on each animal. Gross thyroid tissue 
was searched for in both the neck ami the anterior mediastinume 
Gross adrenal tissue was sought in the region of the kidneyse 
If either thyroid tissue or adrenal tissue o@ localized abscess 
along the suture line were found the animal's data was discarded. 
Medi cations; 

Sodiuwn Lethyroxine was dissolved in saline at a pH slightly 
greater than eight. A stock solution of 6 micrograms/ml. was mades 
Aliquots of this stock solution were frozen until usede No aliquot 
was used more than three times nor did the total unfrozen time exe 
ceed two hourse 

Cortone acetate (Merck) diluted with saline to a concentration 
of 205 mg/ml was used fa@ injectione 

411 injections were given subcutaneously as Greenspan, Gifford, 
and Deming (52) found this route superior to intraperitoneal injection. 
Stress; 

The animals were immersed to a point approximately half the 
distance between the tip of the nose and the base of the tail in 
water at 46 Co for two minutese 
Temperature: 

The room in which the animals were housed was air conditioned 


and kept at a constant tenperature, 73F.o 


Experimental 
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For this experiment the animals were divided into seven 
groups: (1)shams,(2)untreated, treated@=(3) thyroxine 6 micrograms, 
(4)cortisone 2.5 mg/kg, (5)cortisone 2e5mg/kg & thyroxim 4 micro» 
grams, (6)cortisone Sme/kg & thyroxine 4 micrograms, and (7) thye 
roxine 12 micrograms & cortisone 205 mg/Kge In each group there 
were three animals except groups five and seven in which there 
were only two animals. The dosage of thyroxine approximates a 
euthyroid level except in group seven where it is hyperthyroid. 
(10) (54) The dosage of cortisone is physiologic except in group 
six where it is somewhat increasede 

Operations were performed as imlicated in figures l@7. The 
total length of the experiment for each group was twenty four dayse 

It is to be pointed out that during the process of being 
stressed, the rats voided and defecated into the water. Because of 
the large volume of water and the relatively small amount of urine 
added to it, the leeching of the feces, and the addition of some hair 
it was decided that an aliquot of the water wold not be analysed 
for nitrogen. Therefore, om should keep in mind when viewing figures 
le? that the nitrogen output on day 14 is ebout 10% less than it should 
bee Total nitrogen output in this experiment equals the urinary output 
of nitrogen plus 10% of this as an estimted acount which would be cone» 
tributed by the stools and hair loss; these latter two determinations 
were not madéo 

The results of this experiment can be seen in Figures l+7 and 
Table I, More detailed information can be found in Tables LI*VIII 
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Discussion 


By using an experimental animal whose thyroid am adrenal 
glands have been extirpated, the possibility of glandular inhibi~ 
tion has been removed; therefore, observed effects should be due 
to the peripheral interaction of the tw hormones. 

& study of figse I ani VI show that the sham group and the 
thyroxine 4 microgram and cortisone 205 mg/kg group responded to 
stress in qualitatively the same mnrer. The untreated group ree 
acted as might be expected; nitrogen excretion became rather cone 
stant following adrenalectomy. The relative decrease in positive 
nitrogen balance of the day of stress may be explainable by the 
large weight gain on that daye | 

That thyroxine alone increases protein catabolism is in 
agreanent with the observations of Koelsche and Kendall, and Rupp, 
Pasehkis, and Cantarow.e. Table I shows a decreased food intake by 
this group in comparision with the sham groupe In the light of 
Engel's observation as to the relationship of nitrogen balance, 
stress, am the state of nutrition the remlts of group three 
must be modified to get a true impression of the role of thyroxine 
acting by itself. 

Cortisone alone also produced a negative nitrogen balance, 
and this observation is in agreement with that of Hoberman and 
others. It is interesting to note that while the animals were in 
a negative nitrogen balance following stress they were gaining 


weight. The explanation of this is not cleare 
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A comparision of figs. V and VI shows that increased cortical 
steroid causes no ramarkable response to stresse Although the 
weight gain of group V post stress is twice that of group VI, 
there is no aich discrepancy in nitrogen balance. This seems to 
conform to Ingle's concept of the necessity of cortical hormone 
far a response to stress, but that the response is not a result of 
the hormone itselfo 

Fige VII indicates tmt excess thyroxine greatly increases 
protein catabolism following stress. Table I, however, reveals that 
during the period of negative nitrogen balance the food intake was 
very slight. It is very significant that when the food intake ine 
creased the nitroga balance became positive. The return to a pose 
itive balance, it seans to me, is contrary to the concept that the 
two hormones act independently. The sequence of events would seem 
to indicate that the response to stress is not mediated by an oute 
pouring of the thyroid hormone with subsequent return to a homeoe 
static state affected by increased cortical secretion. The results 
seem to be more consistent with the concept that the thyroid hore 


mone potentiates the action of the cortical steroidse 


Conclusions 


In the thyro»-parathyroidectomized, bilateral adrenalectomized, 
stressed rat; 


(1) Thyroxine by itself exerts a protein catabolic response. 
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(2) Cortisone by itself exerts a protein catabolic response. 
(3) Thyroxine seems to potentiate the protein catabolic 


response of corti m nes 
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